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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 

(57)Abstract: ^^^^mM^^iSt^^ 
PROBLEM TO BE SOLVED: To flatten an InP 
embedding layer and a III-V compound semiconduc tor 
layer by a simple wet etching process in a structure 
where the InP embed ding layer is formed by selective 
growth by using an insulating film pattern on mesa 
structure* for a selective growth mask in adjacent to a 
mesa structure including the III-V compound 
semiconductor layer having composition which includes 
In and is different from InP. 

SOLUTION: In the mesa structure, the III-V compound 
semiconductor layer including In is arranged on the III-V 
compound semiconductor layer as a speed adjusting 
layer. When the InP embedding layer is flattened and the 
speed adjusting layer is etched by using etchant 
constituted of aqueous solution including hydrochloric 
acid and acetic acid, the composition of etchant is 
selected by considering the etching speed of the InP 
embedding layer and the etching speed of the speed 
adjusting layer. 
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im#mi) InPt»ft*«*t#UIn«r^tf* 

n - vm{£&to¥&ftmtmts.m2<ou\ - vmit 
miEmmmmimmLxinpm*f$.&u inpw 

v*yh=^y^y*mmu 'Ptt<ki>m$&m2<m 

(§»#Jf 2] ifnE^y^Y^Hi, £<bK7k*5j;ufi§ 

[ft#Jf 3l BWEJ^-WhWu SWB^s'ha.y 
TV*' XS»c*J v ^-CffilS® StWifeOs^^Xtt t fit 
EIB20JIII - VJJHk'ft* i MK*sJio*s'^^a« 

-irVHciJiSInP^w^s/f-v^aimrfE^-s/^^ 

±Qt>'l^<t£Z&t£mi&&m'tZz\k&mWlkTZ 
[gS*^6] tfriE^^-yh^^v-i/xsc^m. £<b 

2<nm - vmits-m^m&m <r>^y v 4 

(V 2 -V, ) XT, = (V 3 -V 4 ) XT 2 ^Sr-T5J:5t-*^tv2>. 



U%i2<nm-vmik&m*m&m<n^y?->y'&m 

icmmtixumm^tjm^y^>hi:m^±%m 
v^yh^y^y'izMw-m.fcm&zmfiz-fzw-mt 

*3'^>'^**sStl8Em2WIII-V»-fk-a-^2J£3(flc 

iyf>»Tr, km&.y-mtxmiz&rtzx-y?-^ 

V^mr 2 kAK wi^^yh^y^VlLm^i^ 
InPrncD^y^y-mfeV, <tSfllE^2WIII-V 

t&ibXgtcdoi-tsinP^roai^^^^jgftVs imjfs 
^20111 -v^k-a-^^^tfr^w^y^^igftv 

(V, -V 2 ) xt, = (V 4 -V 3 ) xT 2 7jSfig3i:-r5J;5^«:^tv5^S 

[fS*«ll] HWE«fi«JgE*»j«-rsxfitt v HUE 
S^filitJ:(CHffE^2(7)III-V^k-g-^|2#^i*:^^ 

^ei^^-v-^fiSc-r-sxmi, sfiE^^^-v^it^-^ 

m&&mLtiftm-vmft£thz>~k*$fmk-rz>8i$im 
i-£*M2mm.(D¥mitmwi(om&ijmo 

If»*3ll2] $l?S.y-*yb^y^>y'TM<om. £ 

h^mmy<^-^m^-n>T.nkmm)6j:xj i mm^ 

tf%l(0^y^>\-$ : &<>tz%\<nv-^yb^y3-^i''lc 

m2(Dm-vmit^^m»m^y^->y'mmj: 

(fS#^13j w^P^yY^yf-^ifTMS^VO) 
^y^>y'tiffflT l kfltim¥-mtT.m\zi5ltZx.y?->' 
ymfflTzki^ m&.V^yY-^y^y'T.miz&VZ 
InPrno^y^ymBtV, kUhMZW-mklMiciott 
5InP/f W^s^:^/jg*V 3 . £>£Xfffiid.&2ff>l 

u-vmit&®¥mitmv>^y?-^y'mmv i \zml 

V, xt, =(V 4 -v 3 ) xTz&i&iL-f&X.oiz&feZixZ^k&ftmk-' 



y^H^f, (ioo)ffi*fei*(oii)ffi*^:tt 
(O-i-D BBWft*TO<biifc^Sri:«rW« 

[»#JSl6] SMB^mffittmiBfBl^III-vlS 

[ffi*«l7] »B«Jt«att. tWEl>*!/K3i^ 
y^isoi, (ioo)ffi*fctt(on)ffi*fctt 

(0-1-1) 9 KWiSv «*Bli«r*i-»^:««« 
[»**i8] «^*20in-v»Ht-&<»*i»* 

gfi. InP<bInGaAs£InAs<bInGaP£ 
InGaAsP£GaInNAs£J:9#5i¥a>e>3iR 

[ffi*«l9] ttEJIIlom-VllHb««4M»flt: 
gtt, InGaAs£InGaAsP£J:0fc31¥a*£> 

aR4*i^a***t*awt*4»«i-*-*»** i - 1 



[0001] 

[0002lft***t»*tt*fcftSlfPffl««a(W 

leu— fyj*— Ktt* *^r>r^<4 , Sre^*nsi. 

[0003] 

aAsP=ir<tInPai^St^ffi*f*SSt-<tor. 7k 

[0004]Hl(A)-(D)tt, ««fc*5J:U%»53» 

y K 1 0(D»5ftxaSr^i-. 
[0005]|Ell(A)^#^-r5{C. n^InPS® 
ll±ia*InGaAsP/l<tInGaAsPJi££:l& 



•9iSU«®Lfc#SS^*FSl2^^$tt % $P>K 
mflE^fiS;^-#FJi 1 2±f^ttpS!lnP^y Kli l 
3<tp^InGaAs=i^^hjil4t^fl|g^^$ 

[0006l#;KEIl (B)(7) XS^V^TBuiB^^ 

[ 0007 ] & {cm i (o oxa^*5 1 ^TUtfiESio 

^&ftInP*Ii£/f 16A, 16BSr#«^JHft4SAfi 
(MOVPE; Metal Organic Vapor Phase Epitaxy) 

a>a>5InP«j&Bl6A, 16BC0S^XajCiot> 
T^fi^lhffi-Cfe6(lll)B@^itU ^>*§ 

[0008]»m^lll (D)(7) Xa^V>TffiflESi 
0 2 Rl5dS|»*$tt, mJB5=3>'^h^l4±(Cp#J 
««17#. S«ll^Tffi^nffl««18^fiEStL 

So 

[0009] 

i&mmikL>£ot*tz>wtmiz<D±i\^ sio 2 

jKl5^ril^J55cS^^i:LfciInPgl6A, 16B 
(Dm&rfL&X^ 5fe^t>tt«LfcJ:5^, mflESiO, 
»15(D»^*HC-t-S««16a, 16b«^*>V>TIn 
PJHi6A*5J:t5i6BdSfiS5±^5ri:dSiBJte>ix* 
v\, ::<£>J®Bte, S(rlBSi0 2 ^^l5±-C«fifi8« 
#££#1 >Cir^jeE3UTSi0 2 Rl 5 JiKiol ^JW 

TV *£InPjf 1 6A&S VV* 1 6BC0^® (-M^r^i© 

^^«60««16a, 16b^*Jl^Tmff5InPSii 
/Il6A, 16Bte#j0. 7^m£>il5£a*®9jb;dS 

[OOlO]5fe^SiPJLfci<t5t-0l(D)<DXa-r« 

tfS, itMap«B«Ml7&TiIK, PtK*5<tt/AuR<0 
^^y^^J:9IH*»*Lfc»fr, TiBMb\fctf 
PtMli-ttL-^ttO. ljumSAOffSLA^V^-C, 
EKfcSULfcifc, T»»«0»**:K*L-CDflia«B 
^17aT?®ffiS^^«0tt-5raS^^D-5o 

[00111-tr-C**Wtt±lBOHUi«r«*bfc, #r 
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[ooi2]#3gW»J:m{fc#J#sya*i. m-v 

mit&vo^m&m&istft-v-mmcmmvx. inpj; 

[0013] 

Hf|f2^1<DIII-V^k^^3|^tBf(|S»2roi 
ZJMk. «nESrJB«JSfcWWUTlnPJI4r*«U 

s^^SrSSfflu 4>ft<£t>iftf2f82£>ni-v&i 

Oais/^^j$Si:fifrlEm2<DIII-Vg|{L-^!fe^ 
^*-T5rt^^Si:i:i-5it*^l*fcli2IE*w^ 
Zoic. «HB«Jl«IJSSr»*i-5iaH:» MfESi?2<OI 

Oiy^^jtS*5B{l|E^20III-V^b-g-!fe^^t 



•y3-^y'I.mz.teVZ>iriPm<r>^'y 1 ?->? , m&.v 1 k 
&v 2 , *jj;rjfffiriE5pa-fb:xstcfctt-5inPS<DJi.y 

(V 2 -V, ) XT, = (V 3 -V< ) XT 2 &f$LiL-rZ,£oiz8!:7££tlZ,~k$: 

&£Vh±2<t£Z£otmi&tt-rz>zk&<®mk-r 

SS*^l4fctt2IE®O^^^BwS}it^SlcJ; 

^*iS*^-r<5JFS-(kXiSSr&*., fttffEBUW^s/^-r 
^Hi, BtriE^^«jgw^s/^v^j£S^MiEm2<73I 

gE«LfcJ;5K, WltZV^-yh^-yf-^yiLmiCimz 
^•y^ftifffl^ kffimW-taikT.miz&VZx.y?-^ 

wut'£-y>>*m{tm<D^y=?>>?'mmv 2 , ioi^BijiE^ 

a^xmi-fc^tSInPgiOi^^V^iS^ irflfffE 

(V, -v 2 ) XT, =(V 4 -V 3 ) XT 2 **rtit-f 5J:5fc*ffSix5rii 

U:1EttUfcJ:5K:, HuiB^M«it^fiici--5xaii, ffl 
ie«M«lig±»w^lE^2roiII-V^{b-&^*^E(*:^ 
SrS^^^-VSr^-TSX^i:, fft$Zs<f> 

■vx?kLxinpm*mm-tz>T.mik&$^ m&v 
^yv^y^-y'T.m^ mm'<*-y\z£.<Qi$iffl»m 
mmz&mi,tzvimxmft£iixzz.kzftwik-fz > f&#: 
miT£tt2m®<n*mi*mm<nmy&i>micM^ &it 
iim^mi2icmm^tcxoi^ mu^^yv^y^-> 

&&Tfmm*%ttmcD^y=7-v>\-Z:8i^tz%\<r>'?=.y 

v^y^y'^Mw-mm^w^-t^w-mtT.n^ 

m%Z%)(F>^y?-^H-Z. wifs.mmm^^yf- 

>ym&&ffi&m2<7)iii-vmit'£Vo¥mfrm<»x- 
&¥f&k^zm#miimm<D*mftmm<r>mm%mic 
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V, XT, = (V 4 -V 3 ) XT 2 ^3i-f ZXjlC&feZtlZZ. 

**K«^jRJt*ft^«t9, *fctt»*«i5fcE«L 

&0>fK (100)ffi*fc«:(011)ffi*rt:li(0- 
l-l) B±0ft6¥«ftHf 

SWB«S6«l3Stt. MEfrayh^y^^lB^II. 
(100) E^fcli (01 1) ffiifctt: (0-1-1) 

*H8fcE*Lfc,»K:. >HBfc2*>m-Vj«fc 
-fr*¥8M«itt\ InP£InGaAs£InAs£l 
nGaP£InGaAsP<tGaInNAs£<W&£ 

*fctt»*«19^IB«Lfc«t5tc, MIS 
*l<OIII-VJfe<b-&*Mfc3W*:»tt, InGaAs<ir 

*ri:S:#tRi:"rsit**i~i8<7>5*>, v^i**bd*— 

[fWB]B3H^B©»W#fcJ:9, **9§o£fl£t 
*6WWC|3V ^-CfTtetbfc, JS8£ : ttK : 
l:5:l^jS-&JKSH»oTa^*>SInPaS:3iy 
*"^i-5*ik^*5»t5, <100>*«K <0-ll 
>*fiK &£V<0ll>jjfi)(D^y^ymt^y?- 

[ooi4j|g)3£#KH-£K:, <ioo>*rS)*5<tr/ 

<011>*lflI<7>J:iy^V^iiflE36SjKlO. 05—0. 1 
ju m/mingff"Cfc*0>te**U <0-ll >Jyfa<D=. 
y^^j*ftttl5/i m/mintl00flaf£Jl±iftV^t 

< 0- 1 1 > #lft<D«Htt#ttfc*V *au8-e«il 
U (100) B* (011)SB*5J:^rtt^ 

*ffi4(0-l-l)ffi»t^3gaffi4:UT«?), ttXD 



.baty^^^ifj, inP/fJbU:iS(lOO)®fcS 
v^(0ll)ffi*>5V^W:(0-i-i)ffi<D^S3pjfi 

o»*ttX«EftS-frfc»*^i3*«, <ioo>*-f6] 
K*H-S < 0- 1 1 > %fa^<D^y^is?m8titt:7F 

m : mm : *^»»« Jt # I : X : l -C*S*t5. 

x{ciov>Tt<ioo>^Jwit-«o-ii>*'rS)— 

»fcWK«>»ftltX^l--20a>j6Htil*5V^T30J&lJi 

^iigOj&#ffite^bihS;6\ 03, 4^**ixfc^ 

[00l9]**^co^5/^^h(wJ:5^^^>i/S 

[0020]H5« X BtJE*®, BlFiM3J:tf7K«MfcS 
S^^$b{-ia^b*^7k^Pxfc^s/^^h(Cct 

^nP(D^mm^^y^VLtim^(D, <100 

> < o - 1 1 > ^ n ^<o^y^>^ms. it 

[OO2ll05Sr#R8i--5^ % 9»ffix^ t >h©f 

1:Y: lirSUyft^ ltlrEifilMb***<a»«Y*> 
ffi^0-0. 3«>$KB-C30KJi«>Jl*tt3ftS»b*tS^ 

[oo22]06ii, ber. aai6{b*ai7k*5j:t/ 

*«tO*6^^-ir>'FW:0. InP/f N InGaA 
cO N <100>*ffi]— ay^y^^^kTfs-tm^th 

So 

[0023]B6Sr#fiBi-5^, ^y^ymmttft 

So *<z>r* inpm<o=zy^>?mm*. wex^ 
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LT^bUkV^lC^U InGaAs/f :fo£U<InG 

(Y<0. 4), lnPm<V^y?-^y&&<Djjtinn 
IEO. 4OfflSrjgx.S^(Y>0. 4)rc0|||^^igfe 

WEInGaAsPJl(D3L5/^^aij*SrHJ 

[oo24]i^^(c, mm^y^^h^cDmmt^m 

fc<D»£Y&0. 2mffi<om&(Y<0. 2KII1P 
m<D^y^lsi?mm*lnGiiAsm<D^y?->'yjfe& 

InGaAsJf O^^^Iffi^In 

zb&-*imx&z> 0 

A. «SIH7(A)~(D)«. mieH3-6(7>B8«^S<5V^fc 
l£ol>TlftW^50-C*>£ o fc*rU37(A)MD) 

[0026](U7(A)^#«*f nffllnPSttE 
H±|C^Hll(C)(0«^^MiCbT. InGaAs 
Pt^#FI HnGa AsP'< V T g bttEAzW) 

pMlnP?7yFJ§13b. p^InGaAs^V^ 
\^tzyy^^y^^XM\-^W^^X^tK ID 

7 (a) (D«jfi-e«:H i (o (ommbmte*). buis^ 

V^^Wil4tJ(fi|»Hk^^>'15i:<7>IB^InGa 
As*>5V^iInGaAsP<t9*S«tt«*V^3gfi 
W«EBl4AdS}*ASttTV^ 0 ffijfS^^h^^W 
jSOWffllWi, FeK— ^UfclnPiKffifitffiiiaie 

A, fl9!B*6»K^*— >is&-**?bUz 

16A, 16BWi, jte»JK^^<bL7t3StR*fiX 



bmm^^tix^o 

[0027]^^|gI7 (B) (OHmz. *5l *HEJ6»K 
^^-^153fiS^Six, $^>lC|H7(B)<D«3g^ 

LTIEI7 (C) oxSldioV x T > jfe&Ktg'i^iB&te* 

InPSi£Jfl6A, 16Btf>5*><0-ll>* 

nPJf 16A, 16B±(ai, (lOO)ffifoStM* 
(Oil) ffi , £>5V (0-1-1) ffiJ:l34STfi 
©16c, 16d*S*at* So 3&^>SInPH 

o**tt3iy^v^tc±sa*as^¥Wkf^ffltt, U4 

1 : 0*»<bl0 : 10 : 3(D©il^^Ltl^(Cgf 
fc3R*L* 0 ±ia«fiK«SH^*5V^T. SMEWS' 

^^>hf430W_b<D^t4^i- o 

[0028]^%-eH7 (C) C0>>3iy hznvy^>^ 
Xft-ett. Hlf|BInGaAsiftflfp|«EJ114Atrai*|i 
J.^^SttT^?>.StrlBInP«liiJ116A, 16 
B£HC< (100) M4 (011) ®&><5V M4 

(0-l-l)flBj«B*UO**!&s, m!f5InPJ§16 
A, l6B*¥mt~tZ>m<D*-y^>'bb^X,1&M 

bmmbi&mik7km7kb£Qt£*>mmt*m*&o. 2 

ffil6c. 16d^^^^->->/igS^SfliSInGaAs 

mjIElnGaAs3gSPS^14A(4RiIISI 
nP«i&JI16A f> 16B^*fU-CDfl»S:3fKRRi-6a 
[0029]-£~T\ **W-ettBl7(D)<DXe^*5 

?K£0. 25fc8S<7)3ggY(Y<0. 2) T^tpS'i^^ 
^>"hiH6v\ H7(C)o«5SS:$e>^*5'h3i 

BfrieinP^±t>fb®i6c, 
l6d*ffirEaaCH«EJil4AJ:f5fc*#3fc^^>'^ 

ffirtsiiaiiSS iaa*^*^?* ra**fts*-c* 
^S^iri^J:^, E7(D)(c*i-J:5»cftfrS5¥^b 
ffil6c, 16d^mrl2InGaAs=i^^h/il4 
<0*ffi4:*|tW«c-»i-S¥«<b«3S^»6>n6. 
[ 0030 ] Jfedo EI 7 (A) — (D) ^X^f-jol/ >r , 

fflfifcs&Sl. 3xim(DInGaAsPgSr^o/ca^^ 

wt* ft£n*te%fta>&« H7(c)a>xaic*5v^rflt 

^tt^^^^h^oig^bTk^TKoSSYSrO. 4 

£%*:t<(Y>0. 4)Mi£^U H7(D)(DX 
SY^rO. 4*^(Y<0. 4)^^tntfJ;iCi: 
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[0031 ]ft3b\ El7(D)OXm(-*5VNT, StfiE^ 

>*?hmi4<Dmm&wimnpm&mi6A, 16 

M7 (C) *Sj;l/7 (D) (D^^^h^^V^XgCO 

[0032]<WJI#Wlftl^-r3<^ IU7(C)^XS 
H7(B)CO^||gl516a. 16b^g]7 (C) O^ol 



SStlnPSi^/iieA, 16B^HiTlE^^h7>f^ 
[0036]]^^12}8(C)OX^tCio^T. ms 

vw.mmit7km7k*mmnpm&mi6A, 16 

BfifEInPiliZJf 16A, 16B<oaHgf5l6a, 



Lstep = (V 2 -V, ) Xt, X*$-Z-btvZ> 0 fcfcLV, JiE!7(C)C0X@{c:io^ o d^^^x^hx^fy^ig^^ fW!E5$gf! 



WtmnPJS 1 6 AfoS V 1 6B<D^y^?m& 
£fcV 2 lilU7(C)OXS^tt^>Sfff2iII 

XS^io^^aQ^^^^pfl^^ 
10033]-*-, 117(D) (DV^yh^y^-lsyj: 

L step = (V 2 - V t ) x t, = (V 3 - V 4 ) x t 2 \ 
<D$ ^yb^y^^XM\Ci3n^m?&lnPm 16 
A, 16B<^^>^i£&£\ £fcV 4 7(D) 
(^^ai^h^^^^xSJc^^mrfSiSSiaS^ 14 

ACD3L^^>-^jgS^i- 0 
[0034]&<o@6<7)B8£y:^ g|7(D)^Ig|: 
&tt£InP*£&Jll6A, 16B^5/^V^igSV 
3 ^gl7(c)COX^*5ti-5InPSiA^16A, 1 
6B(D^y^ >ymmVt £Pfc^U * (V, ^ V 3 ) fcifi 



aEJBl4AttfltrlB 5 F*ffil6c, 16d^>P>_b^fC^m 
[00371-tr-C. B8(C)(DXS^3l§rtttBl8 

(D)<5Dxa^H*T£*u tteaUEIHHii4A«J:V 
InP¥*&®16c, 16ddS,4KMiBi(fi:ia»^* 

I0038JIU8 (A) — (D) OX@id*>V >TffifIS3t 
*IBSEJBl4AdSInGaAsJ:f9/j:5#-fr % 08 
(C) OXa-CttlOTEa^-* * ^WKjR^Y^IH 
60>BBfiW*fcO. 25*c$§(Y<0. 2) Jc8»*i-ixtf J: 
C *fcBI8(D)OXS-e«0. 2<t%^t<(Y 

>o. 2)R«i-nrtr<tt\— *«riB»«««Jii4A 

OTnGaAsPJi<tO*t). iffllEInGaAsPJBj&S 
1. 3i*m»*^<>K*lr^«*IC»JC^SIMl«: 



(v 2 -v,) xt, = (v, -v 4 ) xt 2 t&M£tiz>o wimmmm&mi4A7^~tz>m&. H8(c)©ia^ttaMB^^+>'h* 



x (t, +t 2 ){caeoTK^i-nf*J:v^ 0 

b. «ffliiH8(A)-(D)f4. *&wiz£z>¥m<*mu<nMm 
m2<nmm, -rtnttinpm&mie 

A, l6B&¥-mt1rZ&<D^iyr>'ymBt&&&ffl& 
mi4A(D^y^^m^Mh^ ^^COV 
-To fcfcLg|8(A)~(D)* > ftKIft^bfcgB^K 

[0035108 (A) MD)*#flB-r3fcU 08 
(A)-(B)0>Xfitt\ *<OH7(A)-(B)OI 
S^HD-efcfJ, p^InGaAs=i>'^^HJil4± 
KlnGaAsfcfcV *ttInGaAsPi8«H«EJI 14 



OjUtfC^CffTk^SftYt^). 4*«(Y<0. 4)t 

irtiti£<, se>^B8(D)oxa-ett«neaiMk* 

100391**3. B8{D)0>XafclSV*Ti inJiSn 
^^Wil4^*ffiS:mi5InP«liiJI16A f 16 
B<7)5p*fi®16c, 16d^-&$^^^«, ffifIS 
138 (C) *5«fct*8 (D) ^-^x^hx^fy^igo 
^Fp^, ^tt^iX^XST^^n^^y^^^hOaio, 

[0040 J £QMc&&J?&W1rZb. 08(C) coxa 

6cfcSV ^ttl6dt^M»C»rtSiVBaaL step tt, 

Lstep = (V, -V 2 ) Xt, X5-x.htlZ>. 1ttz\JV l ttB8(C)(OIg|C 

f!iJl5InPJt 1 6 A&S 1^*1 6B^^5,^>^jgg 

£\ *fcV 2 liH8(C)<OXa^*5*«BtHBaSftWS 

Sl4A<7)^;y^>-/i$ft£:^U tj |i(g]8(C)<7) 
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[0041]—^. 08(D) 0>£xy Kn^^i 

L step = (v, - v 2 ) x t, = (v 4 - v 3 ) x t 2 sftsritstbftwnfiftbft v \ 

co^ai^hmvy^^xStC jott^StflBInPg 1 6 
A, 16BO^^>^3$S^r. £fcV 4 131218(D) 

bai^^-^xe^fcJtS WIBifi* WSEJi 14 
AO^T-^j&gfeXi-. 
[0042]5feCDE!6(7)||^J:0 % i8(D)OXStC 
:*3tt5IriPffii£JIl6A, 16B(7>:r-5/^:^i*SV 
3^gl8(C)£7)Xa(-^it5InPSi^^l6A, 1 
6B<D3Ly^>^metV l tP&^bV n (V, ^ V 3 ) £3£ 
ffl-rSfc. BtJfBBI#>HI§l7(C), (D)<fc*&4:HIIt 



[0045]g}9 (A) ~~ (C) <7>XSK*3t ^XwlWM 
SHSgl4Ad5lnGaAs<t«9^5^, EI9 

:»ffYSrBl6(^H«d^ttO. 2(Y^0. 2)KR;£ 
i-tLrtJ:U\ — *mIf251S^Sgl4A^inGaAs 
Pj|J:9tt9* gtrfBInGaAsPSdU. 3/imffiJ& 

9(C)OXS^^MIE^^^^h^cOig^b7K^7K 
^)8tY^0. 4(Y^0. 4)£1-;ft,tfJ:V\ > 

[0046 1139(A) ~ (C) <Dmmiuz£z>¥ 

^(d^ll9 (C) 0^^hrc^v>/^J:^J:ja>fbX 
gfc*SVvt\ InP*li*JIl6A, 16B,yKft«SEJI 



(Va-V^xt, =(V, -V 4 )Xt 2 tW^ 0 Wf53SSgllSEel4A7l4At^Wi^^^V^ig«0||35S±l:#^^/^^i^), 



V 3 Sr{K«br, ?ftfEi£gSSg/f 14AcdJ?££, *v, 

x (t, +t 2 )fct¥oTK^i"tttf«tv\ 

C. JHHlllB9(A)MC)Ht. *«W^J:5^*ft:aga^»ig 

#8tf>Jfi(«S\ InPili£JI16A, 16B&¥-mt*t 

mm^mL<wt^tiitms(omm\c^x7r:irmxh 

ho fc*TUH9(A) - (C) *\ jfetKBLfe»»lc 

[0043]E9(A) — (C)^#fl8-r^)t-, EI9 
(A) - (B) <DXgl3\ 5fe^>HI7(A) — (B) <DX 
giiatTfcD, P SlnGaAs=i^^h^l4± 
{.IlnGaAsfrSl ^InGaAsPitftfiglf 14 

nPS®ll±^^h7^«3g$r^L, SfcK 

JgfctlnPSiiif 16A, leBSrmiB^^h^^" 
*aS©i««tc»ritbfc*. «fBaft«BP^-->l5Srl* 

I0044]^{Cgl9(C)(7)XS^*5l/^T. EI9 

Dftf?,ia»jb7K**Srfltnainpaii«i6A, 16 

^ofe^^ty^^v^xSSraffl-r^ir^J:^, 
flTRlnPffli4JIl6A, 16BO^Ha516a, 16 
bSr^s^^U ¥*Ml6c, 16d£^j£-f-£> 0 
d^^^ac^hmy^^xa^^m. B?JfEiiSlJi«E/I 
14Att«WB¥«ffil6c, 16d&XKft£nUUE 
-eatj/^^SJt, ffirlE¥ti®16c, 16d<tmflSi£ 



D. «ffiIVHlO(A)-(D)«:. **Wfc«fc5¥»f«e«<0» 

3g:*F8!0>iB3S«\ »4<©aa!, i"**>*>InPSi&«l 

6A, 16B£¥*fi<fclh5IgSK:, itftfeinPSiZJf 16 

A, 16B©W«ftxa*Cj:S»riS<0||R^ttt>ixfcaiR 

7jki~ Q fcfcX01O(A) — (D)«K ifefcttWLfcftS 

[ 00471H 10(A) — (D)S:#flH-rs^, Ell 
0(A)II(i, ft<OH7(A)<OXSi:raCT**>0, 
pSJlnGaAs^V^hJl 14±f£lnGaAs£> 
5^ttInGaAsP5S«PI«E*14ASrJe*Lfc*, 
>-15Sr-r^^*cfliriainPS«ii±{c: 

^15*a«J«fi^^^«oXi«»tn[InPSii«l 
6A, l6BSrWE^^^^«5S^W«{^rit"t- 

So 

[0048l»:JCHlO(B)a>XS(C*3l^r»HE|fi* 
■P^-^15S:»Ufc**, H 10(A) cO*»«C*t 

*ttofc«?3i!yhJ:^^XSSriaffli-Sri:^«t 

fftiEInPil&Jf 16A, 16B(^aSI«16a, 
16bSr3iy^^U ¥i&®16c, 16d«r«/S-r 

US*, ffifEifi«»WE»14A«:BllriaV*fiffil6c, 16 

ioo49]ft^Hio(c)^xajc*3t^miai6» 

Bk^—^lSJ&SBfciSi'U $^lCgI10(D)<7)XS 
(C*3t^TH5IEaaBSSgl4A*3j;U!InP5Fffiffil6 
c. I6dtf, *6KtB»tiB^b*ilf *t±0*0I 
nGaAsP«d*t-r^y^>i/afl[^inP^»-r-5 
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[00501IS) 10 (A) — (D) vCtUiE 

ICO. 2<t%^#<(Y>0. 2)K^-rS03ftS»:* 
U\ -*ffiffEiS J K3ISEJil4A^InGaAsPSJ: 
OftQ.ffiClnGaAsPff^l. 3jt/m**^<V 

(b) ^xs^iisaia^s/^-y^h^oiaK^Tkm*^ 

SttH-efiE«*cai-S^4:^'C*SdS, BlO(D)0>X 
S^ttffiElnGaAsP&ft «»■ 14A^ * 
^y^^aft-e^^^sttSJ:^^, IffiEifliMfc 

u\ 

[OO51]01O(D)^XS^*5V>T, B&E=>'* 
^hJ1140*ffiSrS(rfSInPSiiJil6A, 16B<D 

0 (B) *5 JctfBI 10 (D) 0>">3iy Nxj^i^Xfi 

<db*ib«\ ^n^ixoxs-e^ns^y^^vhoa: 

So 

[0052lJ:9Aft:«jlftMi-54:, 010(B) OX 
16cfcSWil6d£OBm^jS$*L5»*L 

step Ji\ 

L $ tep =V, Xt, T^X^5o fcfcLV, ttHlO(B)^XSI^*5»t 
5flWEInPJH6A*>5WM*16B<7>3iy^^5ifl[ 

Lstep = v, x t, = (v 4 - v 3 ) x t 2 jftsj«3i We»t*Ltf ftbftv \ fc«u 

(D) ©Cr*5yh^2/*-^xaii*5t««rEInPJI 
16A f 16B^y^>-^3$S«r. £fcV 4 tel|10 

(d) (D^^yb^y^^nm^n^mmmmm 

[0054]^OH|6CDg|^J:i9, il0(D)OTg 
lC*5tt6lnPSi*JIl6A, l6B(D^y^i?j&]£ 
,V 3 #0 10 (B) (DT.mcl3ljZ>lnPm&m 16 
A, leB^y^-^aftv^BS^U^V, ±? 
V,)tiSfii-ft^ MrEMfttt 



b&M£tlZ 0 ffiEjS*W«EJBl4A#BlO(D)<a 
XS^*3V^T^^^$ixSfc«)(c«, ffirEBMfcv, 
-V 3 ^fi^LT, WEitftWSSl4A^J»SS:, 5£ 
V, x (t, + t 2 ) ^oTKSi-jfttf<fci\, 

fflEii^nSJI 14A£LTInGaAs&5t Miln 
GaAsP^^tbTV^^, ffiriS3SSHSSl4AO 
*t»tt_bEOtO^R^SixS>b^-Ctt*<, InGa 
As, InAs, InGaP, InGaAsP&>£VM3: 
GaInNAs<^i^h/?fcoTfcJ;i\, £fciiul£^ 
yb^y^?Jimt¥-mkT.mtX^y^y<DmtR 

it^xh^\ mzm&m&wmm\4Atvxiri 

GaAsP£M£v\ SbW^t^yK^ty^ 
1. 3jumJ£JLt, 1. 65/im«T£fca<fc5fcR£L 
feS-&JC»^El60BI^^*5V^, 1. 3 u m%&$L(D\ 
nGaAsP{c:^-r^Ji-/^-^>/itg^InGaAs{C 

tttt^y^is?m&<o*m<»mmbfiz>« 

l>3cy^y^^i3j:u5spja-ftxS*fT5r < !:^«J: 
0, *li£InPJI16A, 16B£^>^Mf 14£ 

co^hir. %®<DVtmicttLxmM£tiz>m&&t>& 

[0057l*fc*:*Wfc*, H«ElnPaii&«16A t 
16B±O^S]OiS:Ha5l6a, 16b£5teKtftWLfc. 
HS—lglSCO^^S^t ^XV^yY^y=?>?{Z.&*) 
^mt-t^Hm. C»J^«S7COXS(C)^*3V^T, * 
^^h^^>-^jg*i:LT#e>*LS¥Wl:ffil6 
c, 16d^(100)fif5*yttt(011)iB*fctt 

(o-i-i) a-rs*^*.*^. rtbbo 

[0058] 

[»M«)JIJ6<WB«l[»iSait«]«T. mil 
(A)-012(G)&#RBb*a^ #*W<*>*lH 
tt«I^J:SBH«agS:^i-Su-1f^^-K^»5tX 

[0059]Hlll(A)^#S8-r5(^ n^InPS 
t£ 10 1 ± IdnGaAsP/lnGa AsP^ifi^ 
#FSt£B 102£, pW.InP?7>yb*mi03t. 

Sb^I9E='V^hBl04±^l. 3/zm»ig<<7V< 
>'K^^^ p &S^^X.^>m*OInGaAsPJ;«9^ 
5iS*SB«®104AS:j^0. 4/zm(Of^:i|it 
3 0 

[0060] ft lCilll(B)(DXg^io^T % SiO 
2 mi05^y^-lyV^^t{^X^\ YU^y 

^>^m^t\zxr>, stts^^^-f^ioi 
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[006i]^^EIii(c)ox^(c:^oi/>-c. milES 

iO 2 ^105£iI^/&;i:^;*^£bT. MOVPE& 
lc£9FeK~:7 P InP*I&/ll06 1 , 106 2 £mff2 
S&lOlJt, ntim^^^^l01M(D^m^ 
^-T5o SfrlEMOVPEXStt, 0»J^.tfric«ffl*Sr63 
0° C, ^ftJE*Sr0.l«fl£{cK^L-CHfirSix. I 
IIKtc^, VK7C9R*3<tt^FeK— ^<vh^)IH»^b 
TTMIn, PHa^t^CpaFeSrfleffl-TSo 
I0062l*3U6WlT?ttHtrt5InPffiiiHl06 l , 
106 2 tf>ff£li. ffij|BInPffli&»106, , 106 2 
*>*fcffi* >»»J6^ffir85/*?-^ h^-T 1 0 1 M * (Din 
GaAsP3Saw»»i04Aj;i9ti*<*6J:5^ia: 

5£*n« 0 *^>**, mmnprn^mioe, , io 

6 2 tcttHi i (C) tt>Xgtf>iftS, fifffS^l^h^f 
^101M±<DSiO 2 l«105^»18bT, 5S9±tfS 
«9gi5l06a, 106b^ASn&. 
[0063]ft^Bll2(D)OXS«C*5V^. 

[0064]|2|12 (D)0>T&K»fXs SMB#10> 

0>ft£j£ttl:l:O. l.UZ&feZth. ^y^ls? 
f4*ffl23° C-CAffl«*cttl»IBtTfc>n«. 
yJ-^mm^ [1112(D) ^^i"J:5t-ffirlBlnP 
8B&J1106A, 106BCD^®106a, 106btt 

106c, 106dlw^fbU BtH5¥ta^®106c x 
106dtt, mffiBSiO 2 JB;i05"eftBIStt^InG 

aAspmio4A(K>mm\c^xm^mo. 12^ 

[0065]ft^Ell2(E)(OXS{c:*5V>TS&IESi 
O 2 KlO5^HFA0i3®^J:!?|»5fe§tb, §£1-1312 
(F) ©ittcfev >T. !UamtilM4b!c**felc 
^«tf?*5!B203cy^^h*ffio-c«SrlBBI12 
(E)<7)#|ii£ x HiJiEInGaAsP^104ACOT60 
pSUnGaAs=>** Wi 104aSRttH-5*-e«> 
^yb^yJ-^-l-Zo 

[ 0066 ] @ 1 2 (F) (0-)x7^5/f-y/ig-c 

tt, WE»2<^3iy^ ir vhiti<z>jSt[itfcBKi:aiMb* 

**fczkO»<&ifcasi:l:0. 6:lfCRj&**K^ 

5^^1*23° C<a«a^ft®«Kf*2#Mmtfi 

^Iim B58BInGaAsPSl4A(03i 5 y^v^ 
S*MfflElnPffii&Jil06,, l06 2 (D^y^^ 

012(E) CD X@ 
»C*V^T±i:-Cl^fc«Bl«JI*«l«L, 012(F) 
^-t"<t5^InPSiiSl06,, 106 2 <hInGa 
As3^^hJBi04i:*STfflftS*t«:«Jt3ds»fe*t 



So 

[oo67]s^(^Eii2(G)cox^r% mriep^i 

nGaAs«104Jbf£pffi!««107«:, SfejOTB* 

4Rl01<7>Tffi_b^nflJ«;ail08«:«^i-5, 

I0068]*HJteffJ-Cfi|2112(G)^XS«C*5l^r 

meai&jiio6 la lo^ttatreav^MiKM 

[SfcHiKfcl] 0 13 (A) —014 (F) ltt&W<n 
*2l|jte«^ c tSBH«5&*W^S^— 1fy-r^— K<0 
•!JtX«*«i-. fc/ffbHl3 (A) -12114(F) 
<K 5fetRWbfc»4>lctt:HI— <z>#HRW»s^tu RW 

[0069]I2113(A)— Hi 4(F) «r#HBi-£ 

Bl3(A)MC)*^<DXattjtefcR*bfcB 
1 1 (A) - (C) *"C(DXSi:mf -Cfc?). 

Sio 2 »i05-c«^ixfc?«i^#|3t ioiM<7>ia?flj 
ffifESiO 2 Rl05SraWSKfi^^^i:bTIn 
PS&S106, *3<fctfi06 2 3ftS|fril*^J:9»fi8* 
ft. rtti^>ffir|5InPS^^106, joJ:t>*106 2 
Ktt&^»106a^J;m06bas»jS§ftS o fcfc 
LBl3(A)-(C)OIgTU RiJfEInGaAs 
PJil04AttlKjO. 52/zm<DJp£l£^Efc$ft5 0 
(0070lft^|gi4(D)<OXet^^X89IESi 
O 2 «105^HFft!fajc:ct0Bft*$tt, 014(E) 

tiD^^fl^x^^y^giN^ 014(D)(£> 

mm&v^yh^y^iy-fZo 

[00711014(E) OXSJC*5V>T. lffiE*l<& 

f*«R23° cxmMma*i&mnt>thz> 0 mmmi 

^^t^h^rftotf^, iWiEInP*Ii£Jf 106 
, , 106 2 ^»bTf4ffirSBInGaAsPiSftBU8Jil 

04Aic*trz>Mt>±%\, ^y^ymsttmbti. 

frfr&^y^mtgm* mi4(E){Z7jk-t£o{zffi 
!EInP*ii£Jil06A, 106B<^affil06a, 1 
06bl* (100) ffifoZ V ^tt-t^ifi«0*R«r*f 5 
¥»fbffil06c, l06dM3Effc-r-5 o w<DJ:5icb 
T^/&£ftfc^ifi>(b®106c, lO6dfi x 014 
(E) O^Pg^joV ^TlnGaAsPJl 104AO^® 

mmi4(E)<Dmjfc±\zt*mz&o. i2vm<nam 

[OO72lft^014(F)CQXStC*>l^T, &mk 

SHfcV\ iWEBl4(E)tf>«jg«:, ItlfSInGaAs 
PS 1 04A<Z> TOpStfnGaAs^ h/f 1 0 
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^XSTfi, mj|EInGaAsP^^I^SMl4A{C^ 
6 2 ^S^-43E:jy^^3*aCJ:0t>*#<4D, 
JHRU H14(F) fc*-*\fc5Ki, InPiliZJgiO 

61, 106 2 ^InGaAs=i^^hSl04^^ip 

[0074]*«^H^tt«l»'f-^Kife<OHl2 
(G)(OXS-C, g9|EpSlnGaAsSl04±^p 
i«|«ffil07«:, *^flaSES«101<OTffi±^n«« 
«108*»*i"S o 

106 2 H114(F)(7)apg{C^oV^-Cmf|E^^^ 

Mio7n^m±\zmm£th. '&ox9t\zm2xmm\, 
msmmm m 1 5 (a) - m ie (f) «** w <o 

!K3361lS«^J:SBH«3tt«r*i-S^— 1f^-fd--K<o 
»3gXSSr^i-o ^bHl5(A)— H16(F) 

[0076] 11 15(A)- EI 16(F) £#^5 

Bl5(A)MC)*^xa*4iteKRWLfcig 

13(A) -(c) ^-eoxs^nstw^—cfcf?, 

«fieSiO 2 Bll05S:»^fi^^^L-CIn 
PiliiUloe, *si:tf 106 2 &mf3L&i££*)Mf&£ 
*U riX{^t^ElnPSii«106, 106 2 
lz:ttaj|ffli06a*5J:t/l06b^fiK*ttSo Hi 
5 (A) - (C) (OXg-Ctt, MIBInGaAsPS 1 

[0077)#:k:El 16 (D^Xai-^THufESi 
O 2 Rl05^HF«!f3atCj:?)|»*SiX, E116(E) 

*>xai-*5 v *xmmtmmki&mt*m*t*sk<Dm& 

mMtt&in^y^^htrfe^ Ell6(D)<£> 
[0078lHl6(E)OXa^*5l/^T, fifllS^lO 
<OjS^Jfcttl:l:0. 3:ll£R£&h<« ^y^ls? 

i4fS^23° ceAfflW^tti^Mff fcix*. S5f5»i 

<OJL^^h£ttofc»£\ lfflffiInP*Ij4»106 
106 2 (C#LTtemJl2InGaAsP/f 104A<D 

d^^xs/fy^ig*> IU16(E) ^*-TJ:5«cW 

fBInP*I&/il06A, 106B<7)^ffil06a, 1 



06bte (100) M«^jS«^*t«ScSr*"rS 
^F^k®106c, 106d»C^b-r^>o wOW^L 
T^$ttfc^F^t:®106c, 106dt4, E116 
(E) (Di&PgtC*^ ^InGaAsP/1 104AO^S 

^miQ{K)<om^x\^<o^m±.\z.M^o. 12 

[0079jft^Bll6(F)<7>Xa^*5V^T.*lt^ 

ftlJlEE]16(E)GD*5££r N mfffilnGaAs 
Pjf 104AOT<^pMlnGaAs^^Hf 10 

[0080]HI16(F)c0^^^h^i-/^>'^xaT* 

**ir*^a^JtdSl : 1 : 0. 1 : 1 KRjfcSih,, m 
y<r>4r\*22r c<DaiaT?*SW«^tt:2»IHIfi l bix 

MI5^2(7)^^^^>'h^o^:^^h^^^> 
^XaT*f4, H(rElnGaAsPJil4AiC«"r-53iy 

^v^ii*2)ss(riainPSiiJiio6 1( io6 2 tc«-r 
(E)<Di:mcm^x±tx^tcmm®mm&u m 

l6(F){Z7jk-tJ:ot^ InPtliZJf 106,, 10 
6 2 <tInGaAs^V^h^l04^^iptt>(b$n 

[008i]*«fcB*W:«l*i-3as, 5fccoE]i2 
(G)(DHmX\ HtJfBp®InGaAsSl04±{Cp 
Hi]ffi®107£. *feBfrlES*Rl01^TBS-L^nffi!J« 
ffil08^^-t-5 o 

[0082]*SI^S^JtC4oV^rt>HUlEffiiA^l06 1 , 
106 2 te, Sl6(F)^®PgtCjot^Tfl9fa=^^ 
hJH04i*5i©5F«ffifc»«i-5fc«>, MIHpftW 
m07tt¥ffi±fc*Ji«U «oT5feKlH2-eRMb 

C*4«fi«] El 1 7 (A) -Ei 18 (E) W<fc 

R5fiXS**-T. Jt/c LEI 17 (A) -018(E) 

ft*cRWL^»^^ttW!-«>#HR«F#S:f+b, Kfi 
SIMM'S. 

[ 008 3 ] El 1 7 (A) - m 1 8 (E) «r#IB-r 5 

Hl7(A)-(C)*-eoxattjfeicR«|Lft:H 

13 (a) - (o *t?coxai: jmwi^ra-— e*o, 
sio 2 mio5xm£>titc*vffi&ioiM(Dmm 

flUESiO 2 B!l05Sr51^fiKfi^^tLTIn 
P*l&g 106, *Sj:m06 2 J&Sf?J&ftK:<M»jft£ 
*U rtL{C#V^|EInPSi&gl06, *5,fcm06 2 
iC«:SH«fP106a*3«}:^106b^^tLSo fctf 
LEI 18 (A) — (C) Olgtlj:, BtFlEInGaAs 
Pjf 104AJ4&J0. 28Aim^ff*JCJB*SttS D 
[ 0084 ] ft EI 1 8 (D) <D Xat-iS V ftufSSi 
O 2 Ml05^HF*affl*Cj:0|S***Jx. E118(E) 
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WcMtt^yf-^hZmisK ID 18(D) <7>*i££ 

[0085]|g|18(E)(DX^^V^ > mU^y^ 

*fctel:l:0. 2:l\C&mZtl. ^y^^^mm. 
23° CX-&m#)lCte2ftffint>thZ> 0 mU^y^> 

y*®iitzM&. strfainPffiiA/f 106, , io6 2 \z 

MLXh WIEInGaAsPJf 104Al£*tL-Obi£ff 
Hl8(E){c:^-r t }:9tcmffeinPS^SiO 

6A, 106BCO^®106a, 106btt(l00) 

^^(D^m^mwc^'t^mtm ioec, 

[0086]*^lCjH^^B&i-5^ > 5fe^(Hl2 
(G)<7>XgT\ mfB2pMlnGaAs^l04_b{Cp 

^07fi¥®±lC«Jf ®LoX$cl l zm2XmWL, 

im5nmmmi9(A) -1120 (e) f*#«9!<z> 
mmT.m^'to fc^Bi9(A)-i*]20(E) 

[0088]H!l9(A)-l!20(E)^#fiSi-5 

iC, HI19(A)-(C)^OXS^^^Lfc|g! 

lSCAj-CO^T^X^^LT^t), SiO 

Si0 2 MlOS^^^g^^^LTInPSi^g 
106, ^^1062^^5^^^$^ rtiK 
^mJlElnPSii/1106, *3i:O«106 2 ^teJ&MSB 
106a^oJ:t>*106b^^tL6o fciEUai9 
(A) - (C) OXg-C^IE=i^^h^ 104± 
tC. Hl3(A) — (C)C0X@-e^t>n^InGaA 
sPSl04AOf^;^«9(CInP® 104B^ s #jo. 

2 » m<DW.£l l zMf&&tlZ>o 

[0089]^^H2 (D) OlglCfcV ^TffJieSiO 

2 ^105^HF^S(Cj:«9^5fe$tt. B20(E)O 

XStc^v^S^^^TKi:^^^^^^^^ 
■^>h^V\ M20 (r>)<Dffim*V^yb^y^ 

[0090]H20(E)^XS^^T, fttJBE^y^ 

5:llZ&7££th,^y^>'y*temML23 0 CTMft 



^^25>P^tT^6o frfrZ>^y=?-lsy*<Dlfe^ M20 
(E)(^-Ti:9(-tiff2InPS^106A, 106 
B<7>*®106a, 106bf*(l00)®fc<5t^te:^ 

(D^m(o^wc^-r^mtmio6c t io6dtc^ 
it-t z> tth i - wi mnpm 1 04B^ nm#)\zm 

mX^y^yZth^ mfie¥±&{t;®106c, 106d 
teMlBInGaAs^^Hf 104C0^® ^ jlJCfft 

[009l]*^tCgl^{^»&i-5^. 3fe60d]12 
(G)^X^-C. mTlBp^InGaAsgl04±^p 
#jm®107^. *fctulES«101<7)T®ii(wn#J« 

Si08^^:-r^ o 

[0092]^Hife^J{C*D^rt>Htlf2^Sl06 I , 
106 2 f3. m20(E)(D&mz&\,^Xiftm=i>?y- 

[0093)J£JLh x *:^0^^$f^UV^SIiS0ii^COV^Tm 

[0094] 

l5BW0>3b*J &&WK£tllX^ InSr&*InPt 

i^J;^MiainPSi^S<tiS«SifiESi:^l>^5/hai^ 
^y-t-Z^klzX*)^ i»ffiInPSi&/lOjliRj£KH$ 



[Hi](A)-(D)tt, HilttflHciSaii-^n 

£o 

[B2]BlOX«lc#9IRnijK«rRn-r6BT«>«. 

[B3]*»W<o«a4rlftW-fSB-C*)6. 

[B4]*3gW^WaSrKH-t"«»J«!>B-C«)-5o 

IB5]*»WOJHaSr»M-t-S*bfcBiJ^BT*fcS 0 

IB6l**W<OllKa«:Bl«i-5S?>^»J(DB-C*>*. 

[B7] (A) - (D) WKAS^fMSll^K 

jt^fc^wsiBioafc^ffl^+B-caws. 

[ B8 ] (A) - (D) it #$£ejl laS^tffglOS! 
[ B 1 0 ] (A) - (D) W let* 

«iS*»^a3»**4<z>**aa!4:*-rB-c«>^. 

[Bii](A)^(C)MMn^»liinKMlcJ:e 
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[0121(D)- 



- (G) »4*« 91 o» 1 ^Jfe^J(-J:^> 



[0131(A)- 

So 

[0141(D)- 
[0151(A)- 
[0161(D)- 

So 

[0171(A)- 

So 

[0181(D)- 

So 

[0191(A)- 



(c) tt**M^JB2HJfi«^i;5 
(F) li*«M<7>»2HJK«(cj:^ 

(o (iMRojR3Xikflia« 

(F) Mc44Sn(Dfft3lKlkMU:« 

(C) Wt*»W<o»4*16«*cJ:S 

(E) W«)*4*lfi«^J:S 
-K<O«iftxa**i-0(*<D2)"C*> 

(C) W<o»5H160»J^J:S 
-K^«Jtxe«r*-rH(*oi)T?*> 



So 

[020] (D) - (E) W<0*5*m«lcJ:& 
L — If #4*— KO©agXS^-r 0 (-t02) Tfc 

S Q 

10 if^-f^— K 

11 InPStE 

12 #lI^*Fffiftl 

13 InP^^KS 

14 InGaAs^>-^bJI 

15 Si0 2 ^^ 

16 A, 16B InPSi^JI 
16a, 16b m>±ffi*)U 

i6 C> i6d w-mtm 
17, is m& 

17a 

101 InPStg 

102 ^mm^r^m 

103 InP^yKJI 

104 InGaAs^^hJf 

105 Si0 2 *v^ 

106, , 106 2 InPM&JS 
106a, 106b IE0±^0 

io6c, io6d w-mtm 

107, 108 



[02] 

10 



[031 




[04] 
HaKDH3COOH^20-1JC1 



!■ <o-n>| 200 

50 



i ; 



150 : 0 



40 I * 
H 8 



20 



10 



3 



2 4 6 8 Uf 
x**>*POT (mln) 



? i 'i 11 i 1 1 1 > ) 1 i I' i 't' i 



o o 



5 10 16 20 
CHaCOOHa&X 



13 



ims] 



10 



(A) 



14n 
13- 
12' 



rvlnP&JS 



-11 



14' 



(B) 



0[O11] 



-13 
M2 



(111)B 



(C) 16AFe-lnP- 



4—13 

12 



6b 

-16B 
-11 



17 y 



(D) 



16A- 
18^ 



-16B 
-11 



IBI6] 

HCl:CH«COOH4feOiJfaO 

=1:1:Y:I 

te rm 1 1 1 > u 1 1 1 1 1 1 1 m 1 1 n 1 1 1 m 1 1 | 1 1 1 1 1 ! n 



E 0l3 



O InP 

A 1.3«rrHnQ*A«P 
□ InQaAt 




HCI«WX)H*W2:^0=.l:l:Yn 

150 



^ 100 - 

L 



6 



-i 1 r 



ai 02 OS 0.4 03 



im7] 



SlOkfillS 

W p-lnQnAaH 
InP16A 
InGaAsP/hQaAaP 



16>U 




16a 16b 



(B) 




'\>I1 



16A- 



13' 



16o 14A 16d 



i-X^14 
2 -\^12 



CD) 



13' 



16o 14 16d 



✓12 



'\^11 



14 



IM8] 



im9] 



18b 



m&n&m 14A 

W pHnGaAs 14 

faP 16A 
InGaAsfVInGaAsP 



(a) 



(0) 



(E) 



00 





16A- 



13' 



16o U t6d 



^ \_^16B 



[H14] 



108a 



108i- 



1W- 



M04 
-102 



108c z 04 * 106d 



108i- 



M04 
3-^102 



106i- 



108o 104 108d 

J i i 



103, 



-102 



-10& 
-101 



Moe* 

-101 



-101 



SiOiAIIS 



CA) 



p-kGaAsM 
hPISA 
tnQaAsP/lnGaAsP 




15A 




(C) 



13' 



16o 14 16d 

S J. S 



:-\^i2 



[0101 



ftJKSSfiff 

W p-biQaAs 14 

W>16A 
KnGaAaP/lnGaA&P 
*fi**#Fl2. 




'X^11 



16A- 



(B) 



16o S 18d 



'\^11 



ISA- 



CO 



13' 



16c 1 /* 1W 

J_ -J- 



5S"\^14 



"n^16B 



- \^11 



(D) 



16A- 



13' 



16o 14 16d 

S J 1 



2>s^12 



' \-"11 



15 



imn] 



[0121 



(A) 



inQaAtpaanfiia - 

InQaAsP/InGaAeP / 



•^104A 
^104 

-v^103 
^102 



101 



(B) 



(C) 



101M 



104/U 
103- 



(g) com 



104 
102 



108a 1Q5 106b 



108i 



104A- 
103- 



-104 
-102 



-1Q& 
M01 



[iai3] 



(D) 



00 



(D) - (Q) {**3&sb<d*is&£« re * a 
r V-<^~K<D«jaxs^r0 (^-(7)2) 



1061- 



108c 



103 x 



105 104A 
> /" 108d 



"104 
S02 



106iv 



106o 


104A 


106d 


103^ 




■^104 

^-102 








108o 


104 


106d 



lOBt- 



103 v 



-102 



fifjm gl07 



103. 



-104 
1^102 



MB 



-101 



-108i 
-101 



MOfe 
-101 



-IO61 
-101 



108 

[015] 



(A) 



p-*iGaAB=C/*9hB - 
InCUAaP/lnQmAiP X 



.104A 
.104 



^103 
.102 

*101 



(A) 



InOaAsPaSSHM- 
InQaABP/ZhQaAttP X 



^104A 
^104 
^103 
^102 



101 



(B) 



101M 

SKHR105 i _ 



104A-. 
103- 



-104 
-102 



101 



101M 

SKHK105 i _ 

<g) [011] 



104Av 
103- 



4^*104 

-r—102 



3- 



101 



108a |05 108b 



IO81 



104A- 
103- 



-104 
-102 



-10& 
-101 



(C) 



108i 



"** 10S T 



104A>-^ 
103 



-104 
-102 



-IO82 
-101 



16 



[H16] 



IBI17] 



(D) 



(F) 



108a 108b 



10Si> 



108i- 



108$ > 



103- 



-104 
-102 



108c 


IMA 


106d 


103 ^r- 




^104 „ 
-^102 








108c 

'i 


104 


108d 



;^102 



-ICfc 
-101 



-108i 
-101 



-10k 
-101 



(A) -(C) fct*5g5B<Dm4*fg« fz cfc * 



(A) 



InGaAsPjUnU - 
InQaA* P/InQaAsP t 



T^104A 
.104 
.103 
-102 

101 



(B) 



101 M 

sKfcBlios J _ 

^ > s QS> C0111 



104A- 
103- 



-104 
-102 



106a iM 106b 



101 



108i 



104A-^_ 
103- 



-104 
-102 



-101 



CD) 



CF) 



108a 



108b 



106, 



10*- 



103- 



"104 
-102 



-IO82 
-101 



108c 104 108d 

*> s s 



103^ 



-102 



-108i 
-101 



[019] 



(A) 



p-*GaAsaV*$Ul 



InOaAsP/InQaAsP 



^104A 
..104 
^103 
^102 



101 



101M 

SK)*a 105 $ _ 

^> — , <g> co,1] 



(B) 



104B^ 
103- 



-104 
-102 



3~ 



101 



108a 109 106b 



108, 



104B- 
103- 



M04 
-102 



-108i 
-101 
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IM20] 



(D) 



106a 106b 
) 104B > 



1Q61- 



103v 



-104 
-102 



M0& 
-101 



108, - 



108c 104 106d 

A i i_ 



103. 



-106i 
-101 



[Sffi^I^14^3£ 5 0 (2002. 3. 5) 
[*IjE#**B*]0023 

LT^bU^^ttU InGaAsJB*5j;t*InG 

0. 4), InPJBOaiy^^aift^^^InGaA 

4^«*rjBx.6i:(Y>0. 4)r^BB«dSj»<EU I 
nGaAsPJla>3iy^^iSft36SlnP/i0^y^>' 

^i*IWb**^««Y<Z>ltSr0. 4MRjfe"t--K:J:fcJ: 
^lEInGaAsPSOaiy^^iSSSrmiBIn 

[3**jE2] 
[«]E»**B* 10027 



[oo27]»c(c:ia7(B)^xa^*5^rmia*6»R 

>-15**|fe*3*U $t>ICH7(B)0>fffi&IC*J- 
L/CB7<C)*>XSfc*5Vvt* SldMitilWb* 

^,InPSiiJ116A, 16BC05*><0-11>^ 
nPjfl6A, 16B±(C«, (100)ffi£>£^tt 

(Oil) ® , Mi (0- 1 - 1) BB,M*5¥tt 
ffil6c, 16ddSJBSi-&, ^60^> *>*>5InPJI 

*3 «fct*lS5 J: 9W*t5 I- mf IB^^vh * fc*3tt 
S*l»i:»Ki«IWb***«>a*JfcSrl : 1 :0^fe 
lOilOiacotefflJ-SftU^^i-S^tc^ix^o 

30«±^a^ttSr^i". 
[*iE»««B«]0028 
[0028]iw%-eH7(C)O'>*yh3:y^V^ 

iam «HEauiEw«E»i4Atrai«^s/^^* 

*t-C*5U,mElnPai3iJil6A, 16B£|p)£< 

(100) m fo£v (011) @fc*v ^ (0- 1 - 

Dffid55I^LTV^S^fBInPJil6A f 16B 



18 



SY(Y>0. 2)-e$tf»^t^*ttofe»fr, % 
AsiiSPSgl4AtiMIElnPSi^gl6A, 16 
MtjEStfMm* 10042 

[OO42j£<7)06<D||g#J;i9 % (g]8(D) 60X^(31 
*Dtt£InPffi5£Bl6A, l6B(D^y^ly^^^V 
3 ^U8(C)OXStc:iott'5lnPJffij^gl6A, 1 

(Hi-st.iwnBiHattHrte), (D)<D»&tra* 

(v, -v 2 ) xt, = (v 4 -v, ) xtzt&mtstiZo m&m&x 

x (t, +ta)^aoTK*r*ttfJ:v^ 
[#S£*SjE51 

MIjE^M«]HMI 
[«jEM*9(B« 10049 
[4tlE*tt]KX 

loo49l?fe 1^:0 io (c)^xsi-tev^«rlBI6» 

■t/^-^153ftS|lfe*SJx, £^01O(D)OXH 
^*3t^Tfi(rtEiftffiBISEai4A*5J:mnP5Fffiffil6 
c, I6d3\ *Ki:»»tia»^**7Ki:«J:»Jft?>B5f 
IE5iKWSE«14Atc:»i-S^y^^aftdSlnPJC 

[¥*Hf2E6] 

[MiE^*S«*lWftff* 
[*|iE#**S* 10055 
HHlE;frftl3HE 
[MjEA*] 

[ 005514*5 WIBaSl—IVOV >-ftttCioV *Tt> 
iWI5i§ftIigJl 14A<bLTInGaAs&>6t M*In 
GaAsP*)5V^ttInP^ffitoi^TV^*^ fflflB^S 
W««14A^»»tt±|BOt><7>^ffi*$*LSfcO"eW: 

InGaAs, InAs, InGaP, InGa 
AsPfcSt *ttGaInNAs0>t ^tlX&iXhk 

14A£L-CInGaAsP£H£V\ $fe(C-eo*ftJ*Sr 



1. 3/im*a^<7)InGaAsP^^-r^^i-/^->'>/ii 

IffiJEttgLmE* 10064 
[«X*ffil^M 

[00641012 (D)OX^t£ioVv-C\ hME»1<Z> 

y^v^tt*, 012(D) (o^-TJ:9^mjfeinP 
SiZJf 106,, 106 2 ^g®106a, 106bte 
(100) Mi^rOjfi^^JfftSrW-rS^aftffif 
ISJf 14A?106c, 106dfc:SMfcU mjfe¥ta>fbEial06c N 
106dfi, lKrlBSiO 2 Kl05-e«aStLfeInG 
aAsPJH04AO*ffi(r*rL-Ci«iS^*?l0. 12 m 

IffijEtt&mM* 10071 

[ffliE^l^S 

[MiErt^l 

[00711014(E) <7>XS{C*5t^T, miB^KO 

^>a-&ifcttl:l:0. l:l*ilK3eS*t, ^y^>if 
ttJKffl23° c-cjfcffltt^tti^DBfrtoii*. ItECi 

(D^-z^^^h^ofc®^, Hi]fEInP*Ii£JIl06 
,, 106 2 ^*rbTttflJ|5InGaAsPa!ff»|*Hl 
04Atr*t-TS «t«5t*#i/ «2x^^5S«idS»6tt, 
frfr&^y^lstftnm^ 014(E)l^-f 
IBlnPS^ioe,, 106 2 O«ffil06a f 10 
6b^(100)®^V>«^(7)ffi^(7)Jg^^r-r'5^ 

Wb®i06c, i06djc^>fk:i-5o r^(-U 

^Stb^¥a^fcffifl06c, 106df3\ 014 
(E) CO^pg(c:*5V >TInGaAsPJl 104AO^® 
^ML^xm^mo. 1 2 /i mO^rlgSr^^L, ^£<£>££ 
*014(E)O«ig±fCtt»5S^O. 12//m(?)a« 

[^jK«jE9l 

[ffiX^#^l0J*fflS 
[«jE#*9B« 10076 
[MiE^felgdS 

1 0076 ] 0 1 5 (A) ~0 1 6 (F) RR-f« 

015 (A) -(C) *-C^Igl4ft^KWUfcH 
13 (A) - (C) tTOififcSIKtti:B-eM, 
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sio 2 mio5x*mt>thtc^m^ioiM<Dmm 

Htj|ESiO 2 ^105^5S^ft^^i:LTIn 

pffi&JIioe, jsitf ioe 2 36ss*ft^J:9»fia* 

tb, r.tt(C#V^|SlnPaiiBl06,*5j:^106 2 
(Ci^Ma5l06ajoJ:T>*106b^^n5o 01 
5(A)-(C)(7)Igm BtrfSInGaAsglO 
4Aii^0. 52Mm<Oj?$tC^^$tL^>o 

iffiiEttmmn* 10078 

[ttfjEF^l 

[0078llUl6(E)(7)Xg^V^X. tufe^l^ 

<&«-frtt;fe:l:l:0. 3:lfcJM££*U 
{i«M23° C"CAfflWl2iWtl»IBJtTtonSo «rtE*l 
cOaiy^^^hSTttofc*^. HtfiEInPS&Jf 106 
106 2 ^LT^SiJ|EInGaAs®104A(7)^ 

A*Z>^y^?(D&^ 1316(E) l^-t£?\Cffim 
InPtliZJf 106,, 106 2 ^®106a, 106 

bte (100) ffifc^v ^«0>ia«^S»*^'f-£ 3 Ft& 

4b^l06c, 106dJd^<k-r^o rcOctptCbT^ 
^tl^m>fbffil06c, 106dte, 016(E) 
<Z>a»{C*5t^TInGaAsJ1104AO*a5J-*fLT 
i*£#iKJ0. 12nm<7>aiSSrJg*U-t^Je*iai6 
(E)(7)«ig-C*i-^(7)^®±{^$^0. 12 J um(OQD 

[^3R«iEll] 

HHjE»**B* 10079 

[0079]^(CHl6(F)OXg(CjoV^T, 

Sr«V\ «WEHl6(E)<Z)«3fi*r, mffSInGaAs 
5 104A<DTtf>P?SlnGaAs=i>'^hWl04 

[¥1HIjE12] 

10080 

[0080lHl6(F)O«>ayha^^xaT? 

**£*<*>a*H:a$l : 1 : 0. 1 : 1 MR«S*U ^ 
5/^V^tt23° CO»a-CAS!W*-tt2^BBtT*>n 
£ 0 (WrE»203cy^^Mrt|[ofc^3iyb^!/^V 
/iS-Ctt, Bd|5InGaAsHl4Af^-r5^5/^ 

^sutdSMreinpai&jiioe,. io6 2 k*h-3 



16(F){^-rj:5t-^ InP*Ii£/f 106, , 10 
6 2 *InGaAs=V**Wll04£aS¥ffifti**X 

[«R*EE13] 

[«jE*f*«B45l0082 

[M2Eft»] 

[0082l**Jfc«lJ:*5V*"Ob«HBaiiJBl06 l , 

io6 2 tt % igi6(F)^a»{3ifei>TStria=«^^ 

WBl04i:*iico5pffiffiS:^i-5^:«). ]KrEp«« 
ttl07tt¥ffi±W»K*U «oT5felJiH2-CKWb 

C»4 gi*6#J] 0 1 7 ( A) - m 1 8 (E) f i*« W (D 

»4||llS«^J:«BH«IJS*:*i-au— if^^-K<z> 
filli^to fc*TUgi7(A) -1818(E) 

[^*5E14l 
[4tIE^«li«]HMF 
[MjE»*«B* 10083 
[*IIE*i!fc]3£X 
[»jErt#l 

[ 008 3 1 0 1 7 (A) — El 1 8 (E) ^#^6 

IC, E|17(A) — (C)*-C^XStt5felC|ftlWLfcia 

13 (a) - (o 3rc<oxai*irwtew— -e*>o* 

SiO z JR 1 05^«;bftfc^lMI|j& 1 o iMomm 
l£ N WESiO 2 »[105Sr5B^fifcft^^i:U-CIn 
PffliiJH06,*3J:Vi06 2 ASSfiRfi^«J:ij?gfiK$ 

{C^IS:^gP106a*5J:I> + 106b^^tL^ o 
LH18(A)MC)<DIS-Ctt. mffEInGaAs 
Jll04AfcBKK). 28/zm^«S^fiRSix5o 
[«BMjE15] 

[*1E»**B* 10085 
[*|jE2rfe]XX 

(008510 18 (E)<7)XS^*5V^T. TOB^JX^ 

J£ttl:l:0. 2:1ICR££*L* 3.y^^tt«» 
23° C-eASf««Ctt2^BltTt>ttS. Sfffix^tV 
h*:«ofc»g\ fflElnP«i&JBl06, , 106 2 iC 
»LTt>BffElnGaAs®104AiC^LTt>IIMW 

018(E) Jc^i-J:5J-«irEInPffliiJBl06 
„ 106 2 CO^®106a, 106bl*(100)®fc 
6l^«-t^5a«O*B*Sr*-rS5Fta{kEBl06c, 10 
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[*§jE*f#^@£ ]0087 
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